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ABSTRACT: The knowledge of the spatial distribution of insect populations in crops allows the estimation
of the population density in space, the classification of damage impact on yield as well as decisions to be
made about control measures. To evaluate the spatial distribution of the wheat armyworm Pseudaletia
sequax Franclemont, in relation to the development and yield of triticale (Triticum secale Wittmack)
under no-till management, samplings were taken at 302 points in a square grid measuring 10 × 10 m, in
Campinas, SP, Brazil. The caterpillar population was evaluated by counting their number per meter at the
base of triticale plants. Grain yield (kg ha-1), cover of the above-ground part (kg ha-1), mean plant height
(m), and ground cover percentage were evaluated after the triticale crop was mechanically harvested, with
the measurement of the mass of straw left on soil surface. Geostatistics was used to analyze spatial variability,
by means of semivariogram analysis, and interpolation of data by both ordinary and indicator kriging,
considering the injury threshold level of ten caterpillars per square meter to construct isoline maps. Spatial
dependence occurred for all variables, demonstrating an aggregate spatial distribution pattern of the
caterpillar in triticale. Random sampling in this area would fail to reveal that grain yield was affected at
the location with the greatest occurrence of the caterpillar. At that location, the economic injury level was
exceeded, which would justify the adoption of control measures against the pest.
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DISTRIBUIÇÃO ESPACIAL DE Pseudaletia sequax FRANCLEMONT
NA CULTURA DO TRITICALE, EM PLANTIO DIRETO
RESUMO: O conhecimento da distribuição espacial de populações de insetos de uma cultura permite
estimar a densidade populacional no espaço, classificar seus danos causados à produção e tomar uma
decisão sobre a medida de controle. Assim, este trabalho foi desenvolvido com o objetivo de avaliar a
distribuição espacial da lagarta do trigo Pseudaletia sequax Franclemont, em relação ao desenvolvimento
e produção do triticale (Triticum secale Wittmack) em plantio direto, Campinas, SP. Foram realizadas
amostragens em 302 pontos num reticulado quadrado de 10 × 10 m. Foi avaliada a população de lagartas
pela contagem do número de lagartas por metro na base das plantas de triticale. Avaliou-se ainda a produção
de grãos (kg ha-1), a quantidade de cobertura da parte aérea (kg ha-1), a altura média (m) de plantas e a
porcentagem de cobertura vegetal após a colheita mecanizada, permanecendo a palha na superfície do
solo. Para analisar a variabilidade espacial, utilizou-se a geoestatística, através da análise de
semivariogramas, interpolação dos dados por krigagem simples e indicatriz, considerando o nível de dano
de dez lagartas por metro quadrado para construção de mapas de isolinhas. Ocorreu dependência espacial
para todas as variáveis, evidenciando a distribuição espacial da lagarta de forma agregada na cultura do
triticale. Amostragem ao acaso nesta área falharia em revelar que a produção de grãos foi afetada no local
de maior ocorrência da lagarta. Nesse local, o nível de dano econômico foi ultrapassado, o que justificaria
a adoção de medidas de controle da praga.
Palavras-chave: Triticum secale Wittmack, Insecta, lagarta-do-trigo, geoestatística, krigagem indicatriz
INTRODUCTION
Insects only become pests when they reach
population levels that cause economic damage to the
crop yield, justifying, in such situations, the applica-
tion of control measures that can reduce the number
of insecticide applications and preserve the natural en-
emy populations. Their spatial distribution, defined as
the position that individuals occupy in space relative
to each another, at a given focus (Vieira, 2000), influ-
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ences insect population dynamics. Differences in struc-
ture can be observed in relation to the sampled area,
crop where they live (Knudsen et al., 1994), species
(Nestel & Klein, 1995), and developmental stage
(Farias et al., 2001; Pereira et al., 2004). Insect spa-
tial distribution studies have been performed using
geostatistical analysis (Midgarden et al., 1993; Nestel
& Klein, 1995; Ellsbury et al., 1998; Pereira et al.,
2004) and have shown that random distribution pat-
terns rarely occur in nature. According to Jesus et al.
(2002), the aggregate type of distribution is predomi-
nant, since these patterns are influenced by specific dif-
ferences in each environment. According to Reis &
Miranda Filho (2003), these evidences compromise the
validity and effectiveness of analysis models that as-
sume independent errors. These studies allow popula-
tion density estimates to be obtained and help control
measures to be adopted more safely.
Many studies focus on the spatial distribution
of insects, but few show results with regard to the de-
velopment and yield of the affected crops. Among the
pests that damage the aerial part of triticale (Triticum
secale Wittmack), according to Gallo et al. (2002),
Pseudaletia sequax Franclemont is one of the most
important, due to defoliation and because of its diffi-
cult control. According to Gassen (2005), the economic
injury level is ten caterpillars per square meter. The
objective of this work was to evaluate the spatial dis-
tribution of P. sequax caterpillars in relation to triti-
cale development and yield under no-till management.
MATERIAL AND METHODS
Field experiment
The field experiment was carried out at the
“Centro Experimental” of the “Instituto Agronômico
de Campinas” (IAC), SP, Brazil, and covers an area of
3.42 ha, (22°53' S and 47°04' W, at a mean elevation
of 600 m above sea level) presenting a 6.5% slope.
According to Oliveira et al. (1989) the soil is a clayey-
textured Rhodic Eutrudox with a moderate A-horizon.
According to Setzer (1966) international climate clas-
sification, the Campinas region presents a transition
between the climatic types Cwa and Cfa, i.e., a tropi-
cal climate with a dry winter and a wet summer. The
no-till management, system was adopted on area since
1985, with summer and winter crops for the produc-
tion of grain and ground cover.
Three hundred and two points (10 × 10 m)
were marked on the field for sampling in square grid
(Figure 1). The triticale cultivar IAC 2 was sown as a
winter crop in April 2004 under the no-till system. A
spacing of 20 cm between rows was used, at a density
of 60-70 seeds per meter. Fertilization at planting con-
sisted of 150 kg ha-1 of a 8-28-16 NPK formulation,
following, soil analyses and recommendations of Raij
et al. (1996). The crop was sprayed 32 days after seed-
ing to control Sitobion avenae (Fabr.), with a 30-meter
range cannon, using 2 mL L-1 monocrotophos, safety
interval of 21 days, at a spray volume of 0.8 L ha-1.
The P. sequax population was evaluated 69 days after
sowing, by counting the number of caterpillars found
on the ground, around the base of the stem of plants,
along one meter of row in each of the 302 points, to
obtain the number of caterpillars per m2. At this time,
the triticale was at the grain-filling stage.
The crop was harvested in September 2004, on
a 1.5 × 1.5 m plot (2.25 m2), and grain yield (kg ha-1),
dry mass yield of the above-ground part (kg ha-1), and
mean height (m) were obtained for 10 plants per point.
Percentage of residue ground cover was obtained af-
ter harvesting, using a 1 m2 square divided by lines into
one hundred 0.1 × 0.1 m sub-squares. The square was
inserted at random into each of the 302 sampling
points, and ground cover was estimated at the inter-
section points of lines that coincided with straw on the
soil surface. Data were converted to percentage of
ground cover on soil surface.
Data analysis
Data were initially analyzed by descriptive sta-
tistics, and mean, variance, standard deviation, coeffi-
cient of variation, maximum value, minimum value,
Figure 1 - Square sampling grid containing 302 points (10 ×
10 m).
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skewness, and kurtosis were obtained using the STAT
software, according to Vieira et al. (2002). This analy-
sis was carried out to detected outlier values and the
frequency distribution of the data. When a set of data
approaches the normal distribution, their skewness and
kurtosis values approach zero; in this case, the central
tendency value (mean) is equal to the measure that oc-
curs most often (mode). If the skewness and kurtosis
coefficients are greater than zero, the frequency dis-
tribution of data will tend to be lognormal, which is
characterized by having a great number of small val-
ues, plus some values so large that will cause differ-
ences between the mean, the median, and the mode.
This happens when the variable has a very localized
distribution, i.e., there are sites with high values but
the vast majority has low values.
To verify the spatial variability of variables,
data were analyzed by semivariograms γ(h), described
by Vieira (2000), based on the assumptions of
stationarity of the intrinsic hypothesis:
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where N(h) is the number of pairs of measured values
Z(x
i
), Z(x
i
+h), separated by a vector h, which is the dis-
tance determined from the Z(xi) and Z(xi + h) coordi-
nates. Calculation of equation (1) generates γ(h) val-
ues corresponding to h distances, for the construction
of the semivariogram. According to Vieira (2000), it
is expected that measurements located near one another
are more similar among themselves than those sepa-
rated by great distances, i.e., where γ(h) increases with
the h distance until a maximum value at which it sta-
bilizes, at a level corresponding to the limit distance
of spatial dependence, which is the range. Measure-
ments located at greater distances than the range have
random distribution and are therefore independent
among themselves; beyond this distance, classic sta-
tistics can be applied.
Mathematical models were fitted to the
semivariograms, allowing the nature of spatial varia-
tion to be displayed for any distances within the mea-
sured field. The criteria and procedures for fitting the
semivariogram models were made according to Vieira
et al. (1983). Based on the model used to fit the data,
the following semivariogram parameters were defined:
a) nugget effect (C
0
), which is the γ value when h = 0;
b) range of the spatial dependence (a), which is the dis-
tance at which γ(h) remains approximately constant, af-
ter increasing as h increases constant; c) threshold
(C0+C1) which is the γ(h) value beyond the range ap-
proaching the data variance, if it exists.
Spatial dependence can be expressed by the
DD parameter (degree of spatial dependence), which
is the proportion of structural variance (C
1
) in relation
to the threshold (C
0
+ C
1
), and can be calculated by the
equation:
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According to Zimback (2001), this can be used
to classify the spatial dependence into weak if DD<
25%; moderate for DD between 26% and 75%; and
strong if DD> 75%.
When semivariance is dependent upon dis-
tance, i.e., when spatial autocorrelation between
samples exists, values can be interpolated in the study
field, without bias and with minimum variance, using
the kriging method described by Vieira (2000). Kriging
is a technique used in geostatistics to estimate prop-
erty values for locations where the property has not
been measured. For this tool to be used it is required
that the spatial dependence defined by the
semivariogram exists (Vieira, 2000). Therefore, kriging
is a process by which spatially-distributed property
values are estimated from interdependent adjacent val-
ues (Vieira et al., 1983). The estimated value for the
property, Z*(X0), is given by the expression:
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1
*
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where N is the number of neighbors measured, Z(xi)
are used to estimate the property and λ
i
 are the weights
applied to each Z(x
i
), which are selected so that the
estimate obtained is unbiased. This implies assuming
two conditions:
0)]()([ * ?? oo xZxZE  (4)
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Values interpolated by kriging were used to
construct isoline maps for the variables under study as
a function of their coordinates, using the Surfer pro-
gram (Golden Software, 1999). The analysis of maps
obtained via the kriging-estimated values allows the
identification of sites with higher or lower occurrence
of caterpillars or triticale grain yield.
The spatial variability in the number of cater-
pillars was also analyzed by indicator kriging
(Goovaerts, 1997). Since the economic injury level is
10 caterpillars per square meter, levels of zero and one
were established for values smaller and greater than
ten, respectively, and values were interpolated and a
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map was constructed for caterpillar injury level in triti-
cale, indicating the locations where control would be
economically viable.
RESULTS AND DISCUSSION
Mean, variance, standard deviation, coefficient
of variation (C.V.), minimum value, maximum value,
skewness, and kurtosis (Table 1) indicated high vari-
ability for the caterpillar population, with a coefficient
of variation in the order of 100%. In terms of plant
height, grain yield, and ground cover, low coefficients
of variation were obtained, smaller than 30%, accord-
ing to criteria adopted by Warrick & Nielsen (1980).
Ground cover showed low coefficients of variation,
10.26%, after harvesting the triticale, which could be
attributed to the mass of straw distribution on the soil
surface imposed by the harvesting machine.
The triticale crop grew under a very favorable
condition in terms of water availability (Figure 2) and
edaphic conditions, the main reason for the high grain
(2,660 kg ha-1) and dry mass (average 3,243 kg ha-1)
mean yields obtained, even when mean coefficient of
variation (34.72%) and the attack by P. sequax are
taken into consideration (Table 1). The variables grain
yield and dry mass yield showed normal distribution
with skewness and kurtosis values near zero, except
for plant height, which may indicate a lognormal dis-
tribution.
Semivariograms (Figure 3) and their fitted pa-
rameters (Table 2) indicate that the spatial dependence
can be considered weak to moderate, with a high nug-
get effect, near the structural variance and with long
range. The nugget effect indicates the variability at dis-
tances smaller than the sampling spacing (10 m) whose
value include variability due to sampling errors and to
point to point variation. Its value also reveals the
amount of population aggregation in the spatial distri-
bution with respect to sampling interval. The nugget
effect values found are comparable to those presented
by Ellsbury et al. (1998) for Diabrotica spp. in corn
roots.
Table 1 - Variable, unit, number of measurements, mean, variance, standard deviation (S.D.), coefficient of variation
(C.V.), minimum value, maximum value, skewness, and kurtosis obtained in triticale infested with P. sequax.
Campinas, SP. 2004.
elbairaV tinU rebmuN naeM ecnairaV .D.S .V.C muminiM mumixaM ssenwekS sisotruK
rallipretaC m 2- 003 3.12 3.064 64.12 7.001 00.0 0.001 031.1 081.1
rallipretaC levelegamaD 003 085.0 042.0 94.0 7.48 00.0 00.1 043.0- 009.1-
thgiehtnalP sretem 592 201.1 400.0 460.0 8.5 29.0 65.1 640.1 213.8
dleiyniarG ahgk 1- 892 066,2 0.022 1.964 6.71 026,1 001,4 822.0 500.0
ssamyrD ahgk 1- 392 342,3 0.862,1 621,1 7.43 700,1 794,6 333.0 872.0-
revocdnuorG % 203 043.29 28.98 774.9 3.01 00.25 0.001 364.1- 199.1
Table 2 - Parameters of fitted semivariograms of variables obtained in triticale infested with P. sequax. Campinas, SP.
2004: Nugget effect (C
0
), structural variance (C
1
), range (a), coefficient of determination (r2), weighted sum of
squared deviations (WSSD), degree of dependence (DD), and fitted model.
elbairaV C0 C1 a r
2 DSSW DD ledoM
mreprallipretaC 2 55.472 73.712 59 038.0 60.775 86.34 lacirehpS
levelegamadrallipretaC 031.0 011.0 09 038.0 42.1 × 01 4- 32.44 lacirehpS
thgiehtnalP 300.0 4000.0 52 411.0 00.7 × 01 8- 18.01 lacirehpS
dleiyniarG 000,051 000,57 08 083.0 69.1 × 01 8+ 33.33 lacirehpS
ssamyrD 9.979,195 9.290,781 51 9000.0 46.1 × 01 9+ 10.42 )slaudiser(lacirehpS
revocdnuorG 000.85 000.04 07 066.0 99.32 28.04 lacirehpS
Figure 2 - Rainfall (mm) at "Centro Experimental Central",
April 2004 to October 2004 indicating the times
of seeding and harvest of triticale. Campinas, SP,
Brazil.
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Height in triticale plants showed a smaller de-
gree of spatial dependence (Table 2) and also a very
low coefficient of variation (5.8%) according to Table
1. This indicates that plant height had little spatial
variation, i.e., it was extremely uniform in terms of
height, and therefore it was not affected by the cater-
pillar, which caused defoliation when the plants prob-
ably had already reached their maximum growth. The
obtained moderate degree of spatial dependence ob-
tained justifies the sampling intensity adopted and is
in agreement with results of insect spatial distribution
studies (Farias et al., 2001; 2004, Jesus et al., 2002;
Reis & Miranda Filho, 2003), since occurrence of the
caterpillar was of the aggregate form, not at random.
It can also be observed that it was necessary to remove
the linear tendency for a better characterization of the
spatial variability to fit a model to the semivariogram
of dry mass (Figure 3e). However, dry mass ranges on
one direction can be perceived on the map as a result
of that tendency (Figure 4).
Grain yield was visually reduced in places
where there was greater caterpillar attack (Figure 4).
In this case, an indicator kriging can map, with
greater precision, regions of the field where chemi-
cal control should be necessary based on the injury
level of 10 caterpillars per square meter. Notwith-
standing, the attack was detrimental to grain yield in
areas where the number of caterpillars exceeded the
economic injury level.
Reported results can not be extrapolated to
other fields and also for the description of the insect
distribution in other conditions, as this was not the ob-
jective of the study. However, the ranges of the
semivariograms for insect population (95 m as shown
in figure 3a) and for the grain yield (80m as shown in
figure 3d) indicate that the sampling interval of 10 m
was adequate to characterize the insect population and
the damage caused on grain yield. Therefore, the sam-
pling distance used can adopted in other fields having
similar conditions.
Figure 3 - Spherical-model fitted semivariograms, with nugget effect, structural variance and range (Sph Co; C1; a) of variables
obtained in triticale infested by P. sequax. Campinas, SP, Brazil, 2004: a) caterpillars (m-2), b) caterpillar (damage level), c)
plant height (meters), d) grain yield (kg ha-1) , e) dry mass residuals (kg ha-1), f) ground cover (%).
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